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We pooled the data from 6 case-control studies of bladder cancer
with detailed information on fluid intake and water pollutants,
particularly trihalomethanes (THM), and evaluated the bladder
cancer risk associated with total and specific fluid consumption.
The analysis included 2,729 cases and 5,150 controls. Odds ratios
(OR) and 95% confidence intervals (CI) for fluid consumption
were adjusted for age, gender, study, smoking status, occupation
and education. Total fluid intake was associated with an increased
risk of bladder cancer in men. The adjusted OR for 1 l/day
increase in intake was 1.08, (95% CI 1.03–1.14, p-value for linear
trend <0.001), while no trend was observed in women (OR 5 1.04,
0.94–1.15; p-value 5 0.7). OR was 1.33 (1.12–1.58) for men in the
highest category of intake (>3.5 l/day) as compared to those in the
lowest (�2 l/day). An increased risk was associated with intake of
tap water. OR for >2 l/day vs. �0.5 l/day was 1.46 (1.20–1.78),
with a higher risk among men (OR 5 1.50, 1.21–1.88). No
increased risk was observed for the same intake groups of nontap
water in men (OR 5 0.97, 0.77–1.22) or in women (OR 5 0.85,
0.50–1.42). Increased bladder cancer risks were observed for an
intake of >5 cups of coffee daily vs. <5 and for THM exposure,
but neither exposure confounded or modified the OR for tap water
intake. The association of bladder cancer with tap water consump-
tion, but not with nontap water fluids, suggests that carcinogenic
chemicals in tap water may explain the increased risk.
' 2005 Wiley-Liss, Inc.
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Prolonged exposure of the urothelium to carcinogens in the
urine may affect the development of bladder cancer. Epidemiolog-
ical studies have evaluated the risk for bladder cancer in relation
to the quantity of fluid intake with controversial results. The stron-
gest evidence of a protective effect of high fluid intake comes
from the Health Professionals follow-up study.1 An increase of
total fluid intake by 240 ml decreased the risk by 7%, after adjust-
ing for type of beverages. Subjects consuming >2,531 ml/day of
total fluids had a 49% lower risk than those drinking <1,290 ml/
day. Other cohort studies have not found a clear evidence of pro-
tective nor positive association.2,3 In contrast, an excess risk in
subjects with high total fluid intake has been found by some4–11

though not all12–15 case-control studies.

High fluid intake could reduce the contact of carcinogens with
the urothelium by diluting the urine or increasing the frequency of
urination. By contrast, high fluid intake could increase the risk if it
contains contaminants that are bladder carcinogens.16 The positive
associations in some studies may be attributed to the type of fluid,
such as coffee or chlorinated drinking water, which may contain
carcinogenic agents. Drinking more than 5–10 cups of coffee per
day has been related to bladder cancer both in smokers and non-
smokers. However, the evidence is not entirely consistent.17 Blad-
der cancer has been consistently associated with exposure to disin-
fection by-products (DBP) and arsenic in drinking water.18,19 DBP
are chemicals generated through reactions of disinfectants (e.g.

chlorine), with organic matter naturally occurring in water. Trihalo-
methanes (THM) are usually the most prevalent by-products of
chlorination, followed by haloacetic acids (HAA), and to a lesser
extent other chemicals such as haloketones, haloacetonitriles and
others.20 Voiding frequency, which influences the time of urine
retention in the bladder, has not been examined in epidemiological
studies; however, experimental evidence has associated low voiding
frequency with higher formation of DNA adducts to 4-aminobi-
phenyl, an aromatic amine.21

We pooled the primary data from 6 case-control studies of blad-
der cancer, with detailed information on fluid intake and water
pollutants, particularly, THM levels as a marker of DBP mixtures,
and evaluated whether total fluid intake and intake of some spe-
cific fluids are associated with bladder cancer risk.

Material and methods

Studies

We obtained the primary data from 6 studies that met the fol-
lowing inclusion criteria: (i) case-control studies of incident
bladder cancer, (ii) availability of information on fluid and coffee
consumption and detailed long-term exposure assessment to
THM and (iii) accessibility to primary data. We identified the
published studies through Medline searches. Unpublished studies
were identified through personal contacts with research groups
that had collaborated on previous pooled analyses of bladder
cancer.17,22,23 The pooled database included 2 studies from the
United States,11,24 and 1 each from Canada,25 Finland,26 France27

and Italy,28 conducted between 1978 and 2000. The results of the
effects of fluid intake in the French study have been published.6

The results of the effects of THM exposure based on this pooled
data set have also been published.18 Detailed information on THM
was available for only part of a large US study,16 and that part was
incorporated in the pooled analysis.24 Data from a second study
from the United States29 were not accessible and were not
included in this analysis. The principal investigators of the pooled
project and of the individual studies met and discussed the proto-
col and operational decisions for the analyses.
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Data

We extracted from the original databases exposure information
and covariates that might be potential confounders or effect modi-
fiers: total fluid, total tap water and coffee consumption, THM
exposure, age, sex, smoking status (never smokers; exsmokers,
quitting 2 years before the interview; current smokers), ever
worked in an a priori high-risk occupation30 and socio-economic
status (years of education). Education was categorized into 4
groups: primary school completed or less, some secondary educa-
tion, secondary education completed and higher education. We
established common definitions and coding schemes for all varia-
bles. A separate occupational classification had to be used for the
Canadian study, and the high-risk occupations are therefore not
identical to those used in the remaining 5 studies. We excluded
subjects below 30 and above 80 years old (n 5 1,149) from the
pooled study population, as well as patients with >2 years
between diagnosis and interview (n 5 166). The final pooled data
set comprised 3,419 cases and 6,077 controls. Statistical analyses
were done in a subset with complete information for all variables
(2,729 cases and 5,150 controls). All cases included in the pooled
analysis had histologically confirmed cancers of the bladder. Five
studies (Cordier, King, Koivusalo, Porru) included all histologies,
and the study by Cantor only included transitional cell carcinomas.
Four studies enrolled population controls.11,24–26 The remaining
2 recruited hospital controls, 1 study using urological controls
(Porru) and the second, patients from various wards diagnosed
with osteoarticular, digestive and heart diseases (Cordier 1993).27

Controls were individually or frequency matched to cases for age,
sex and geographic area.

Fluid consumption variables

Total fluid consumption included intake of all types of fluids,
such as water per se, tea, coffee, alcoholic beverages and soft
drinks. Total tap water included water per se plus water-based
preparations, such as coffee and hot tea. Coffee intake included all
types of coffee (regular, instant, decaffeinated, etc.). Conse-

quently, coffee and tea were included in tap water, and tap water
was included in total fluid consumption. We calculated intake of
nontap water fluids by subtracting tap water from total fluid con-
sumption. Noncoffee tap water intake was calculated by subtract-
ing coffee from tap water consumption. Data on alcohol consump-
tion were only available in 3 studies and was not included in the
analyses. Average residential THM exposure (lg/l) was calculated
as the sum of the year-by-year annual municipal mean THM level
in each residence, divided by the number of years with nonmissing
THM data, during an exposure window of 40 years (from 5 to 45
years before the interview).

The way studies ascertained fluid consumption from partici-
pants differed. Participants in the study by Cantor et al.11 were
asked to estimate consumptions ‘‘as an adult’’. Cordier et al.27

asked about fluid consumption since age 18 and about changes in
consumption habits. They then estimated mean consumption of
beverages in the period from age 18 until diagnosis. Lynch et al.24

asked respondents to estimate the amount of various beverages
they drank ‘‘in the winter 1 year ago’’ (to minimize seasonal influ-
ences). King et al.25 asked participants about fluid consumption
2 years prior diagnosis. Koivusalo et al.26 asked about fluid con-
sumption in the 1980s. The study by Porru et al.28 asked for life-
time habits and recorded qualitative and quantitative variations for
coffee, tea, alcohol and soft drinks.

Statistical analysis

We described the exposure variables by case-control status and
evaluated the statistical significance of the differences using a
nonparametric test (Mann-Whitney) for continuous variables and
v2 test for categorical variables. We used unconditional logistic
regression to calculate odds ratios (ORs) and 95% confidence
intervals (CI) for the different exposure indices. All ORs were
adjusted by study, age (continuous), sex (when not stratified),
socio-economic status (education), smoking status (never, ex- and
current smokers), and ever worked in an a priori high-risk occupa-
tion.30 Further adjustment for pack-years of smoking did not mod-

TABLE I – CHARACTERISTICS OF CASES AND CONTROLS IN THE POOLED STUDY POPULATION (N 5 7,879)

Cases (%)
(N5 2,729)

Controls (%)
(N5 5,150)

OR (95% CI)
1

Study and site
Porru 2004 (Italy) 25 (1) 37 (1)
King 1996 (Canada) 679 (25) 1,506 (29)
Koivusalo 1998 (Finland) 609 (23) 1,054 (20)
Cantor 1998 (USA) 904 (33) 1,689 (33)
Cordier 1993 (France) 256 (9) 310 (6)
Lynch 1989 (USA) 256 (9) 554 (11)

Sex
Men 2,126 (78) 3,514 (68)
Women 603 (22) 1,636 (32)

Age2

<67 years 1,355 (50) 2,845 (55)
>67 years 1,374 (50) 2,305 (45)

Smoking
Never smoker3 539 (20) 2,043 (40) 1.00
Ex-smoker 1,078 (39) 1,853 (36) 2.02 (1.77–2.29)
Current smoker 1,112 (41) 1,254 (24) 3.52 (3.09–4.01)

Worked in high-risk occupations
Never3 1,787 (65) 3,556 (69) 1.00
Ever 492 (18) 665 (13) 1.39 (1.22–1.58)
Unclassifiable 450 (17) 929 (18) 1.09 (0.96–1.24)

Education
�Primary school3 534 (20) 944 (18) 1.00
Some secondary 818 (30) 1,166 (23) 1.32 (1.14–1.51)
Secondary completed 664 (24) 1,415 (28) 0.93 (0.81–1.08)
>Secondary 558 (20) 1,300 (25) 0.87 (0.75–1.01)
Other 155 (6) 325 (6) 0.86 (0.69–1.08)

1OR from logistic regression adjusted for study, sex and age.–2Dichotomous at the median.–3Refer-
ence category.
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ify risk estimates and are not reported. Total fluid, tap water, cof-
fee and nontap water fluid intake were initially treated as continu-
ous variables in litres per day. To examine the exposure-response
relation, subjects were grouped using the same boundaries for dif-
ferent fluids. Coffee intake was grouped into 2 categories: �5, and
>5 cups of coffee per day. THM exposure was treated as categori-
cal, grouped by quartiles among controls. Analyses were limited
to 7,879 subjects (2,729 cases and 5,150 controls). This study pop-
ulation comprised subjects with no missing data for any of the
included variables, and whose THM exposure was known for at
least 70% of the exposure window. The proportions of controls
and women were higher in the included (65% controls and 28%
women) compared to the excluded population (57% controls and
19% women). Median age was slightly lower in the included (64
vs. 65 years among the excluded). Risk of bladder cancer for
smoking status was similar in both groups. To check for potential
effect modification by smoking and THM exposure, we stratified
the analyses and calculated the OR of bladder cancer for the dif-
ferent fluid variables among never and current smokers, as well as
among subjects with low and medium–high exposure to THM
(cut-off defined by the median, 5 lg/l). Adjusted ORs were calcu-
lated for different types of fluid consumption within individual
studies, and the heterogeneity of effects among studies was eval-
uated through a meta-analysis.31 Analyses were performed using
the statistical package STATA v.8.0.

Results

A total of 78% of cases and 68% of controls in the study popu-
lation were men. The median age at interview was 67 years. After
adjusting for study, sex and age, excess risks were found for ex-
and current smokers and those who had ever worked in an a priori
high-risk occupation (Table I). ORs for smoking status and educa-
tion were similar for men and women. For occupation, ORs were
higher among men.

Total fluid consumption in the overall study population was on
average 2.66 l/day (2.71 among cases and 2.63 among controls).
Average tap water ingestion was 1.60 l/day (1.63 among cases and
1.59 in controls). Nontap water fluid intake was on average 1.05 l/
day (1.08 in cases and 1.04 in controls). Daily coffee intake was
0.56 l/day (0.58 in cases and 0.54 in controls), on average, 16% of
the study subjects drank >5 cups of coffee per day (19% among
cases and 14% among controls). Noncoffee tap water intake was
1.11 l/day among cases and controls. Data on alcohol consumption
were available for 3 of the studies, showing a wide variation. Among
controls, alcohol consumption (including wine, beer and liquors)
from total fluid consumption was 40.6% among men and 14.4%
among women in the French study,27 29% in the Italian study
(which included only men)28 and 7.7% (men) and 1.8% (women) in
the study by Lynch et al.24 Average residential THM exposure was
19.1 lg/l (20.3 in cases and 18.6 in controls) (Table II).
After adjusting for potential confounders, total fluid intake was

associated with an increased risk of bladder cancer, with an OR of
1.08 (95% CI 5 1.03–1.13) per litre increase in daily total fluid
consumption (overall for men and women). Risks were higher in
men (OR 5 1.08) than in women (OR 5 1.04), and this difference
by sex was statistically significant (p-value for the interaction term
between sex and total fluid consumption––split in the median––was
0.018). A dose-response pattern was found, with the OR overall
(men and women) of 1.26 (95% CI 5 1.08–1.47) for the highest
category of total fluid consumption (>3.5 l/day) compared to the
lowest category (�2.0 l/day); p-value for linear trend was <0.001.
This trend was statistically significant only in men (Table III).

Tap water consumption was associated with an increased risk of
bladder cancer. The adjusted OR/l/day increase overall was 1.10,
95% CI 5 1.04–1.17 with higher ORs observed in men than in
women. The OR for the highest category of intake (>2.0 l/day)
relative to the lowest (�0.5 l/day) was 1.46 (95% CI 5 1.20–1.78,
p-value for linear trend <0.001). After excluding coffee from the
total tap water consumption, OR still showed an association
among men, OR 5 1.09 (95% CI 5 1.01–1.18) with a slightly

TABLE II – FLUID CONSUMPTION AND THM EXPOSURE IN THE STUDY POPULATION

Men Women

Cases Controls p-value1 Cases Controls p-value1

Total fluid consumption (l/day)
Mean (SD) 2.7 (1.2) 2.6 (1.1) 0.001 2.6 (1.1) 2.6 (1.0) 0.665
Range 0.3–10.3 0.1–10.9 0.5–10.9 0.4–8.0
Median 2.6 2.5 2.5 2.5

Tap water consumption (l/day)
Mean (SD) 1.6 (1.2) 1.5 (1.1) 0.006 1.7 (1.1) 1.7 (1.0) 0.219
Range 0–9.0 0–10.6 0–10.4 0–7.5
Median 1.5 1.5 1.6 1.7

Coffee intake (l/day)
Mean (SD) 0.6 (0.5) 0.5 (0.5) 0.044 0.6 (0.5) 0.5 (0.5) 0.137
Range 0–5.7 0–5.7 0–3.3 0–6.0
Median 0.5 0.5 0.4 0.4

Coffee intake (cups/day)
0–5 1727 (81%) 2985 (85%) 495 (82%) 1431 (87%)
>5 399 (19%) 529 (15%) <0.001 108 (18%) 205 (13%) 0.001

Noncoffee tap water consumption (l/day)
Mean (SD) 1.1 (0.9) 1.1 (0.9) 0.167 1.2 (1.0) 1.2 (0.9) 0.065
Range 0–7.0 0–10.4 0–10.1 0–5.7
Median 1.0 0.9 1.1 1.2

Nontap water fluids (l/day)
Mean (SD) 1.1 (0.8) 1.1 (0.8) 0.289 0.9 (0.6) 0.9 (0.6) 0.342
Range 0–6.4 0–6.0 0–3.9 0–5.9
Median 1.0 1.0 0.8 0.7

Average residential THM exposure (lg/l)
Mean (SD) 20.0 (25.0) 17.4 (23.4) <0.001 21.1 (25.9) 21.0 (24.8) 0.659
Range 0–130.0 0–124.7 0–128.2 0–130.0
Median 5.0 3.0 9.7 7.3

1Mann-Whitney test for continuous and v2test for categorical variables.
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lower risk observed in women (OR 5 1.06, 0.93–1.20). Similar to
total tap water intake, the dose-response trend was statistically sig-
nificant in men (p-trend 5 0.004) and not in women, (p-trend 5
0.38) (Table III). p-value for the interaction between sex and tap
water (split by the median) was <0.001.

OR for nontap water fluids intake was overall 1.03 (95% CI 5
0.96–1.10) per litre increase in daily consumption. The OR for the
highest category of nontap water fluids ingestion (>2.0 l/day)
compared to the lowest quartile (�0.5 l/day) was 0.95 (95% CI 5
0.78–1.17), and p value for linear trend 5 0.65. There was no evi-
dence of interaction with sex; p-value for the interaction term was
0.137 (Table III).

The OR per litre increase in daily coffee consumption was 1.08
(95% CI 5 0.97–1.20) overall men and women. Consuming >5
cups of coffee per day was associated with an overall OR of 1.26,
95% CI 5 1.10–1.44, compared to those who consumed less or
equal to 5 cups of coffee per day. These associations remained
after additional adjustment for total nontap water fluid consump-
tion. Among men, the OR was 1.23 (95% CI 5 1.05–1.44) and
among women, 1.31 (95% CI 5 0.99–1.74) (Table III). For those
5 studies with available data on pack-years, the OR for drinking
>5 cups of coffee per day relative to 0–5 cups/day for both sexes
combined was 1.25 (1.08–1.44) adjusting for smoking status and
1.24 (1.08–1.43) adjusting for quartiles of pack-years. p-value for
the interaction term between sex and coffee consumption (0–5 vs.
>5 cups/day) was 0.790.

Average residential THM level was associated with an
increased risk of bladder cancer with a dose-response pattern.
However, we did not find evidence that THM exposure con-

founded or modified the risk associated with tap water intake. For
the highest quartile of THM exposure (>35.0 lg/l), the OR among
men was 1.50 (95% CI 5 1.27–1.78), relative to the lowest quar-
tile of THM exposure (�0.5 lg/l). The p-value for linear trend
was <0.001. Among women, the OR was 0.90 (95% CI 5 0.67–
1.21), p-trend 5 0.50. Risk estimates among men for the com-
bined effects of tap water consumption and average residential
THM level are shown in Table IV. Risk of bladder cancer
increased for tap water consumption and for average residential
THM exposure in men. No associations were found in women for
THM exposure or the combined risk estimates tap water-THM
levels. Among women with high tap water consumption (>2.22 l/
day) and high THM exposure (>35.0 lg/l), the OR was 0.86
(0.48–1.54) compared with those with low tap water consumption
(�0.8 l/day) and low THM exposure (�0.5 lg/l). The ORs for risk
of bladder cancer with total fluid consumption or its components
(tap water, nontap water fluids, coffee and noncoffee total tap
water), adjusting additionally for quartiles of average residential
THM, were essentially unaffected. The risk of bladder cancer with
fluid consumption or its components was similar among men with
low exposure to THM (�5 lg/l) compared to men with moderate
exposure (>5 lg/l). The OR remained similar for men exposed to
higher THM levels (>30 lg/l).
Adjusting for smoking status reduced the OR of bladder cancer

for total fluid consumption (and its components) compared to the
unadjusted risk estimates. For total fluids, the unadjusted OR
among men per litre/day increase was 1.12 (95% CI 5 1.06–
1.18); for tap water, 1.14 (95% CI 5 1.07–1.21); for nontap water
fluids, 1.08 (95% CI 5 0.99–1.17); for coffee, 1.32 (95% CI 5

TABLE III – ODDS RATIO (OR) AND 95% CONFIDENCE INTERVALS (CI) OF BLADDER CANCER
BY AMOUNT AND TYPE OF FLUID CONSUMPTION ADJUSTED FOR AGE, STUDY, EDUCATION,

SMOKING STATUS AND EVER WORKED IN A HIGH-RISK OCCUPATION

Men Women

OR (95% CI) Cases/controls OR (95% CI) Cases/controls

Total fluid (l/day)
Continuous 1.08 (1.03–1.14) 1.04 (0.94–1.15)
�2.0 1.00 607/1,132 1.00 198/500
>2.0–2.5 1.18 (1.00–1.39) 434/717 0.93 (0.70–1.23) 123/375
>2.5–3.0 1.12 (0.94–1.34) 339/599 1.11 (0.83–1.49) 115/297
>3.0–3.5 1.39 (1.15–1.69) 306/433 0.94 (0.68–1.31) 77/219
>3.5 1.33 (1.12–1.58) 440/633 1.06 (0.77–1.46) 90/245

p-trend <0.001 0.702
Tap water (l/day)

Continuous 1.12 (1.05–1.19) 1.04 (0.93–1.17)
�0.5 1.00 398/718 1.00 81/180
>0.5–1.0 1.20 (0.99–1.46) 352/554 1.03 (0.71–1.51) 97/245
>1.0–1.5 1.16 (0.94–1.45) 301/564 1.07 (0.71–1.62) 93/273
>1.5–2.0 1.24 (0.99–1.55) 374/665 1.14 (0.75–1.72) 119/355
>2.0 1.50 (1.21–1.88) 701/1,013 1.19 (0.78–1.81) 213/583

p-trend <0.001 0.340
Coffee

Continuous (l/d) 1.11 (0.98–1.25) 0.93 (0.75–1.15)
�5 cups/day 1.00 1,727/2,985 1.00 495/1,431
>5 cups/day 1.23 (1.05–1.44) 399/529 1.31 (0.99–1.74) 108/205

Noncoffee tap water fluids (l/day)
Continuous 1.09 (1.01–1.18) 1.06 (0.93–1.20)
�0.5 1.00 690/1,189 1.00 165/377
>0.5–1.0 1.19 (0.99–1.42) 413/659 0.95 (0.68–1.32) 103/298
>1.0–1.5 1.08 (0.89–1.31) 374/692 1.14 (0.81–1.61) 126/364
>1.5–2.0 1.35 (1.09–1.67) 320/488 1.24 (0.86–1.79) 114/301
>2.0 1.36 (1.10–1.69) 329/486 1.07 (0.74–1.56) 95/296

p-trend 0.004 0.381
Non-tap water fluids (l/day)

Continuous 1.03 (0.95–1.12) 1.03 (0.85–1.24)
�0.5 1.00 579/936 1.00 227/590
>0.5–1.0 0.93 (0.78–1.10) 512/921 0.90 (0.68–1.20) 150/487
>1.0–1.5 1.10 (0.91–1.33) 488/775 1.03 (0.74–1.42) 131/339
>1.5–2.0 1.07 (0.86–1.33) 297/451 1.17 (0.78–1.75) 64/142
>2.0 0.97 (0.77–1.22) 250/431 0.85 (0.50–1.42) 31/78

p-trend 0.693 0.817
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1.18–1.49) and for noncoffee tap water consumption, 1.05 (95%
CI 5 0.98–1.13). Adjusted ORs shown in Table III are similar to
the ORs among never-smoking men (except for heavy coffee con-
sumption), showing no evidence of residual confounding by smok-
ing. The ORs for total fluid and its components (except coffee)
were similar among never- and ever smokers, showing no or weak
evidence of effect modification for smoking. However, the OR for
being a heavy coffee drinker (>5 cups of coffee per day) was
higher among ever smokers (OR 5 1.36, 95% CI 5 1.15–1.60 for
men and 1.33, 0.94–1.88 for women) compared to never smokers,
where the association was close to the null (OR 5 1.13, 95%
CI 5 0.69–1.84 among men and 1.28, 0.77–2.13 among women).
Nevertheless, p-value for the interaction term between coffee con-
sumption and smoking status was nonsignificant (0.406 for men
and 0.562 for women).

A consistently small increase in risk of bladder cancer with total
fluid consumption (Fig. 1a) and tap water intake in men (Fig. 1b)
was found in each study, individually. For nontap water fluid
intake, OR did not follow a consistent pattern among studies (Fig.
1c). Meta-analysis of the adjusted study-specific risk estimates
revealed no significant heterogeneity of effects for total fluid
intake (p-value of heterogeneity was 0.772 for men and 0.769 for
women), tap water intake (p-value of heterogeneity was 0.616 for
men and 0.727 for women) or nontap water fluids (p-value of het-
erogeneity was 0.459 for men and 0.283 for women).

Discussion

We identified an increased risk of bladder cancer for drinking
tap-water-based fluids that constituted, on average, two thirds of
total fluid consumption. This increase appeared particularly
among men. The increased risk for tap water consumption was
consistently found in all 6 studies, making chance an unlikely
explanation of our results. Men who drank >2.0 l of tap water per
day were at almost 50% more risk than those drinking 0.5 l or less.
Results among women were less consistent. Coffee constituted on
average about one third of the total tap water ingestion. Heavy
coffee consumption (>5 cups/day) increased bladder cancer risk,
particularly, among ever smokers. Consumption of tap water
excluding coffee was also associated with an increased risk of
bladder cancer. Consuming fluids other than tap water was not
associated with an increased or decreased risk.

We found different risks among men compared to women in
total fluid consumption and some of its components. Given the
large numbers in this analysis, this difference cannot be attributed
solely to chance due to small numbers among women. This differ-
ential risk by sex has been found in most of the case-control stud-
ies reporting results stratified by gender, without a homogeneous
pattern. For total fluid intake, some studies found an increased risk
among men and a lower, null or decreased risk among women;4,6,8

an increased risk among women, but a null association among
men, is reported in other studies;9,10 some studies found a protec-

tive effect among women, and an association close to the null
among men;13,15 and finally, similar risks in men and women are
found in other studies.7,11 A large cohort study1 examined risk
only among men. A different consumption pattern between men
and women of certain fluids is not a likely explanation for the sex
difference we observed. We examined many types of fluids and
found similar differences by sex. We were not able to do specific
analyses for alcohol consumption, since this information was only
available for 3 studies. However, the association between alcohol
consumption and bladder cancer risk is not well established, with
most of literature reporting nonsignificant or no association.6,32–34

Consequently, alcohol consumption is not likely to bias or con-
found our results. It has been previously observed that even in the
absence of smoking and occupational exposures, an increased risk
was found in men compared to women,35 which could be attrib-
uted to differences in environmental and dietary exposures not yet
identified or innate sexual characteristics such as anatomic differ-
ences, urination habits or hormonal factors. In short, findings by
gender are difficult to explain under scenarios of causal relation-
ship or biases with which we are familiar.

Our results were consistent with those from case-control stud-
ies that found a positive association with total fluid or tap water
consumption.4,5,7–10 The discrepancy with studies that observed
a protective effect, such as the Health Professionals follow-up
study,1 could be explained by differences in the characteristics
of the study population, differences in the components of the
total fluid variable and different carcinogens in the tap water or
other fluids.

The association with tap water consumption, but not with non-
tap water fluids, suggests that the increased risk for tap water may
be related to the presence of carcinogens such as other DBP in the
tap water. THM, although associated with an increased risk of
bladder cancer, did not confound the results nor modify the main
effects of the different types of fluid consumption. DBP are a com-
plex mixture of chemicals, and about 50% of total organic halides
(TOX) are unidentified compounds.36 Consequently, THM do not
necessarily reflect the levels of other DBP that could play a role in
the carcinogenesis of bladder cancer.37 The chemistry of DBP is
complex, and reactions leading to the formation38 or removal39–41

of DBP can occur in the preparation of hot tap-water-based bever-
ages. Thus, THM level in tap water may not reflect ingested lev-
els. In addition to DBP, tap water can contain chemicals that have
been described as risk factors for bladder cancer, such as arsenic,42

and probably many others that have not been identified or eval-
uated in relation to bladder cancer, but that could have some carci-
nogenic potential (metals, radioisotopes, drug residues, microcys-
tines,43 etc.). Finally, we cannot exclude the combination of sev-
eral chemicals as a putative risk factor.

To the extent possible, we used common definitions to make
variables comparable among studies; however, differences
remained. The continuous coffee consumption variable was prob-
ably the fluid variable least comparable among studies. In most
of the pooled studies, coffee consumption was recorded as

TABLE IV – ODDS RATIOS (95% CI) AMONG MEN BY COMBINED EFFECTS OF TAP WATER CONSUMPTION AND AVERAGE RESIDENTIAL THM
EXPOSURE ADJUSTED FOR AGE, STUDY, EDUCATION, SMOKING STATUS AND EVER WORKED IN A HIGH-RISK OCCUPATION

Average residential
THM level (lg/l)

Tap water intake (l/day)
Overall

�0.80 >0.80–1.54 >1.54–2.22 >2.22

�0.5 1.00 [206, 466] 1.40 (1.03–1.90)
[110, 199]

1.26 (0.92–1.74)
[100, 214]

1.50 (1.08–2.09)
[106, 204]

1.00 [522, 1083]

>0.5–5.0 1.32 (0.99–1.76)
[152, 259]

1.48 (1.07–2.06)
[98, 171]

2.07 (1.49–2.88)
[131, 176]

1.76 (1.28–2.41)
[174, 250]

1.29 (1.09–1.53)
[555, 856]

>5.0–35.0 1.60 (1.15–2.22)
[90, 139]

1.32 (0.95–1.83)
[95, 215]

1.90 (1.37–2.64)
[119, 186]

2.10 (1.52–2.88)
[154, 209]

1.38 (1.16–1.64)
[458, 749]

>35.0 1.85 (1.40–2.45)
[176, 197]

1.71 (1.27–2.31)
[140, 226]

1.68 (1.23–2.30)
[145, 239]

2.20 (1.58–3.08)
[130, 164]

1.50 (1.27–1.78)
[591, 826]

Overall 1.00 [624, 1061] 1.10 (0.92–1.31)
[443, 811]

1.25 (1.02–1.52)
[495, 815]

1.37 (1.11–1.69)
[564, 827]

Numbers of cases and controls in each group are shown in brackets.
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cups per day. To transform it into litres per day we applied coun-
try-specific algorithms (1 cup5 200 ml in North America and
Finland and 50 ml in other European studies), reflecting habits
by country. This was a simplification that probably led to non-

differential misclassification in the continuous coffee variable.
In addition, the study by King et al. recorded cups of coffee as
<1, 1, 2, 3, 4 and 5 or more per day. This more likely introduced
misclassification among the highly exposed. Although there was

FIGURE 1 – Meta analysis of study-specific odds ratios (OR) adjusted for age, smoking status, education and having ever worked in a high-risk
occupation, for different water fluid variables.(a) Total fluid consumption (continuous, l/day), (b) Tap water intake (continuous, l/day) and (c)
Nontap water fluids consumption (continuous, l/day).

2045FLUID CONSUMPTION AND BLADDER CANCER



no heterogeneity of effects in other fluid variables, some measure-
ment error could be present. It is difficult to evaluate quantita-
tively these errors, although they could be expected to be nondif-
ferential.

Previous studies have examined fluid consumption and use
of chlorinated surface water simultaneously.16 However, this is
the first study to evaluate risk of total fluid intake and specific
water pollutants (THM) that have previously shown to be asso-
ciated with bladder cancer risk. We were able to evaluate them
independently and to check for confounding and effect modifi-
cation. Similarly, we could discriminate among different types
of fluids. The analysis by specific type of fluid, controlling for
THM, is an improvement over previous studies evaluating blad-
der cancer risk in relation to fluid consumption. Our results
provide new evidence and strengthen the framework for
hypotheses of possible mechanisms of action. The large study
population involving 5 countries represents a major strength of
our analysis. Also, being a collaborative study among different
research groups has allowed the exchange of knowledge and
expertise.

The assessment of the association between fluid consumption
and bladder cancer risk is not trivial. Most of the fluids we con-
sume are water-based, and water is a universal solvent that can
contain a great number of chemicals (not necessarily toxic). It is
difficult to isolate the effect of the fluid itself from the effect of
those chemicals. Perhaps the heterogeneous composition of differ-
ent drinking waters can explain the apparently inconsistent results
in epidemiological studies.1–15

The public health implications are not clear. Evidence is not yet
sufficient to recommend a reduction or an increase in the con-
sumption of certain fluids. We found that drinking tap water was
associated with a slight increased risk of bladder cancer, while
nontap water fluids were unrelated to bladder cancer risk. This
new evidence does not readily translate into public health recom-
mendations. Changing from tap to nontap water (for example, bot-
tled water) systematically could be feasible for some people, but
not others. In addition, ‘‘tap water’’ or ‘‘total fluid’’ is an unspe-
cific term that includes waters with very different qualities. In any
event, one implication of our study is that water distributed to the
population should be of the highest quality feasible.

In this pooled analysis of 6 case-control studies and almost
8,000 study subjects, we found that tap water ingestion was associ-
ated with a slightly increased risk of bladder cancer among men,
with a dose-response pattern and independent of THM exposure.
Consumption of fluids other than tap water was unrelated to blad-
der cancer risk. Heavy coffee consumption (>5 cups per day) was
associated with an increased risk of bladder cancer among men
who smoked. Future studies should explore levels of carcinogens
in water and/or other fluids, and voiding frequency since the latter
could mitigate the effects of the former. Furthermore, future
research should explore the biological mechanisms through which
total and specific fluid intake could modify bladder cancer risk. In
summary, our results strengthen the hypothesis that fluids by
themselves are unrelated to an increased risk of bladder cancer,
but that carcinogenic chemicals in fluids could explain the
observed increased risks.
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